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LAKE CHELAN 


By Henry GANNETT, 


Chief Geographer, U. S. Geological Survey 


To most readers, especially those of the East, this title conveys 
little information, forit is an almost unknown lake, in an almost 
unknown region. It lies in the northwestern part of the state 
of Washington, upon the eastern slope of the Cascade range, its 
lower end being near Columbia river, into which it is drained ; 
thence it stretches northwestward in a long, winding ribbon, far 
up toward the heart of the range. Into the head of the lake 
flows Stehekin river, whose sources are in Cascade pass, at the 
summit of Cascade range. The river has numerous branches, 
all of which head in high, snowy mountains, among small gla- 
ciers, and it consequently brings a considerable volume of water 
to the lake. 

In the northern part of Washington the Cascade range con- 
sists of a broad and extremely rugged mass of granite mountains, 
whose highest summits are between 10,000 and 11,000 feet in al- 
titude. High up in the heads of the gorges and at the foot of 
the peaks are many small glaciers, the remains of others, much 
larger, which in times past extended far down the present stream 
valleys, filling them to great depths with streams of ice. Evi- 
dences of these are present in all the valieys and gorges of this 
part of the Cascade range. The occupation of these gorges by 
glaciers is so recent that in many of them the subsequent work 
of the streams by which they are now occupied has produced 
but trifling results. Only in a few places are evidences of ex- 
tensive stream erosion seen. 
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The bed of Lake Chelan and its principal tributary, Stehekin 
river, together with the branches of that river, were at one time 
filled by a vast glacial system, extending from the crest of the 
Cascades southeastward nearly to Columbia river. The glacier 
was nearly 100 miles long, and when it was in its prime the ice 


must have been several thousand feet in thickness. 
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MAP OF LAKE CHELAN AND VICINITY, IN THE STATE OF WASHINGTON, 
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A glacier is a river of ice, and it behaves almost precisely as a 
river of water does. Its effects upon its channel are almost pre- 
cisely similar to those of a river upon its channel, excepting in 


The 


the fact that all its operations are on a vastly greater scale. 


channel of a river may be measured by yards or hundreds of 


yards, while that of a glacier is measured in miles. The depth 
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of a river may be a few feet only or a few scores of feet ; that of 
a glacier may be thousands of feet. It is this greater size, vol- 
ume, and weight which makes glacial ice behave like water. In 
such large masses ice is plastic, accommodating itself to inequal- 
ities of its bed, flowing with some freedom, spreading out and 
contracting, much as water does. 

A word of caution must here be interpolated. The channel 
of a river, in which its water flows, must not be confused with 
its valley, which it drains. The above comparison refers to the 
channel of a river, not to its valley. 

Glaciers in mountain regions commonly head in amphithea- 
ters or cirques—basins lying directly at the heads of canons, 
under the shadow of the summit cliffs. An amphitheater is 
surrounded on three sides by vertical walls or steep slopes, down 
which the ice and snow slide in avalanches, accumulating in 
the bottom. The effect is precisely like that of a waterfall. 
The falling snow and ice dig a hollow or depression at the foot 
of the steep descent just as water does. Such amphitheaters 
are found at the heads of all glacial gorges in high mountains, 
and today are found to contain small alpine lakes in place of 
the ice which once occupied them. From its head in the amphi- 
theater the glacier moves down the gorge, scouring and cutting 
the bottom and sides as it travels. The ends of the mountain 
spurs are planed off instead of being trimmed to sharp, angular 
points, as is done by streams in gorges cut by them. If the 
bottom of the cafion be uneven, if it contain abrupt elevations 
and depressions, the glacier flows over them as water would 
flow over similar obstacles in its channel, gradually cutting 
them away. Where the descent becomes abruptly steeper the 
ice, in bending to follow the surface, is commonly cracked, form- 
ing a network of crevasses, making travel over its surface very 
difficult and dangerous. 

Where the main glacier is jomed by a branch, the bed of the 
branch is commonly found to be at a higher level than the bed 
of the main glacier, because being larger and heavier the main 
glacier has greater cutting power; indeed, in many cases the 
beds of small branches are hundreds, or even thousands, of feet 
higher than that of the main glacier to which they are tribu- 
tary. The parallelism between the glacier and the river in their 
channels is further illustrated by this fact. The surface of the 
ice in the main glacier and in the branch must have been at the 
same level, although the bottoms, as stated above, differ greatly 














420 LAKE CHELAN 


in elevation. So it is with a river at the point of junction of 


branches. ‘The surface of the water must be practicallyat the 
same level in all cases, but the bottoms of the channels differ 
by the difference in depth of the streams at their point of junc- 
tion. This fact affords us a measure of the minimum thickness 
of the ice at any place. It cannot have been less than the ver- 


tical distance between the bed of the main glacier and that of 


the tributary, and, indeed, must in all cases have been greater, 
owing to the thickness of the tributary. 











LAKE CHELAN, AT THE NARROWS 


To extend the comparison between a river and a glacier, it 
may be added that the central portion of the glacier flows faster 
than the bottom and sides, as they are retarded by friction, just 
as in the case of a stream. This is demonstrated by the gradu- 
ally increasing curvature of the lines crossing the glacier, such 
as transverse lines of dirt or crevasses. In the upper portion of 
the glacier these may be straight, or nearly so, but lower down 
become more and more curved, with the convexity downward. 

A glacier is constantly receiving upon its surface rock, gravel, 
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etc., which fall upon it from its walls. In its long journey from 
its source to its melting point, a journey which may occupy 
many years, large quantities of such material accumulate, and 
it naturally falls mainly upon the edges of the glacier, forming 
lateral moraines. Where two branches join, the two lateral mo- 
raines on the inside join and form a medial moraine, and thus 
in a complicated glacier system the main glacier below the junc- 
tion of a number of branches may bear upon its surface many 














WEST SIDE OF HORSESHOE BASIN 


moraines lying lengthwise with the glacier. At the melting 
point all these moraines are dropped in a confused heap, form- 
ing the terminal moraine. This may extend for a considerable 
distance up and down the valley, because the foot of the glacier 
moves backward and forward according to the season. Ina wet, 
cold season the foot advances down the gorge, while in a warm, 
dry season it retreats toward its source. 

Ilerein we may see another point of similarity between the 
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glacier and a certain type of river. In the arid regions of the 
West the streams which have their sources in the mountains 
flow down into the valleys and disappear, being absorbed by the 
dry soil and the thirsty atmosphere. These streams, like glaciers, 
bear detritus down from the mountains, and upon their disap- 
pearance in the valley they drop this detritus as the glacier does. 

There are, therefore, certain characteristics by which the gorge 
produced by glacial erosion may be distinguished from that pro- 
duced by aqueous erosion. The glacial gorge has the shape of 








CASCADE PASS AND AMPHITHEATER 


the capital letter U, while the waterworn gorge is a V-shaped 
notch. In a glacial gorge the spurs separating the tributaries 
have their ends blunted or planed off, while in a waterworn 
gorge they are sharp and angular. In a glacial gorge the tribu- 
taries enter the valley above its level, while in a waterworn 
gorge they commonly grade down to its level. A glacial gorge 
has an amphitheater at its head; a waterworn gorge has not. 
A glacial gorge is commonly lined near its lower end with lateral 
moraines and across its foot stretches a terminal moraine, and 


often this terminal moraine has formed a lake. 
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With the exception of lateral moraines, Lake Chelan and its 
tributaries present all these features peculiar to glacial erosion, 
and owing to the fact that the ice has but recently abandoned 
the gorge, aqueous erosion has made but little progress, the gla- 
cial forms are but little masked and are still the most prominent 
features in the landscape. 

Crossing Cascade pass from the west, one descends immedi- 
diately into an amphitheater, enclosed on the west and south by 
a mountain wall surrounded by high peaks. On the north is 
the pass and on the east the land rises slightly, forming the 
lower rim of the amphitheater. The hollow of this amphithe- 
ater contains, all the year around, a great snow-field a mile or 
more in length, which gives rise to Stehekin river. The accom- 
panying illustration is taken from the rim of the amphitheater, 
looking toward the pass, which appears in the background, with 
the snow-field below it. 

From the summit of the lower rim of the amphitheater there 
is a steep descent of several hundred feet, down which the Ste- 
hekin plunges in a series of cascades. The valley, at first nar- 
row, broadens as it becomes deeper and the U-shaped form of a 
glacial valley becomes more pronounced. On either side at short 
intervals small branches join the stream. These head among 
the high mountains and flow with gentle courses through ancient 
glacial valleys to the edge of the glacial gorge of Stehekin river, 
over whose walls they leap in great falls. One such stream heads 
in Horseshoe basin, on the left-hand side of Stehekin river, where 
its waters are derived from asmall glacier. The waterfall known 
as Gorman falls is the leap of the stream over the edge of the 
glacial wall, which here is practically vertical. 

The walls of the gorge along Stehekin river range from 4,000 
to 5,000 feet in altitude above the bottom of the valley, and the 
angle ranges from near verticality at the top to 40° or 45°, 
Near the mouth of Company creek, some 15 miles above the 
head of the lake, the wall is fully 5,000 feet in height, descend- 
ing in one great sweep from the summit of the mountains down 
to the bottom. Company creek, coming in on the right, though 
a large stream, flows ona level several hundred feet above the 
bed of Stehekin. Bridge creek, which joins the Stehekin three 
or four miles farther down, coming in from the right, also a 
large branch, flows in a valley several hundred feet above that 


of the Stehekin, descending to it by a series of cascades and 


waterfalls in a waterworn gorge 200 or 300 feet deep, which it 
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has cut since the retreat of the glacier. Bridge creek has numer- 
ous branches, and at the junction of each of these branches 
similar phenomena are observed, although in case the branches 
are nearly equal in size the bench or rise in the glacial valley 
is not as marked as in the case of smaller branches. From all 
indications it appears that the ice must have been at least 3,000 
feet deep in this gorge of the Stehekin, since several of the smaller 
branches join the main glacier at that height above its bed. 

Lake Chelan is between 50 and 60 miles in length and from 
half a mile to a mile or more in breadth. Except near its lower 
end, it is enclosed throughout its course between high steep 
walls, rising at angles of 40° to 45° directly from the water’s 
edge to an altitude of 5,000 or 6,000 feet above the sea. The 
elevation of the lake above the sea is 1,100 feet, and its cafion 
walls rise 4,000 or 5,000 feet above its surface. Nearly all the 
streams which flow into it are small, and tumble over its walls 
in a series of cascades. There is but one stream of magnitude, 
Railroad creek, which is tributary to it. This, which is upon 
the west side, heads in the divide of the Cascade range, among 
the high peaks, where its sources are fed from living glaciers 
and its valley is a glacial gorge. 

Near its upper end the lake is narrow and its depth increases 
gradually, but about midway of its length it reaches a depth of 
fully 1,400 feet, its bottom being, therefore, 300 feet below sea- 
level. Thence its depth diminishes gradually to its lower end, 
but not as regularly as it increases. The rock walls which en- 
close the lake are strikingly parallel to one another. The high 
mountains which border it at its head extend down nearly to 
its foot, and then suddenly break away to the lower country, 
first upon the east side and then upon the west. 

The dam by which the lake is formed is the terminal moraine 
of the glacier. The lake is now drained by a stream which has 
cut through this terminal moraine, and after a short course of 
three miles and a descent of 400 feet joins the Columbia. Above 
the present outlet are indications of former outlets of the lake 
in the shape of coulées, cut through from the west, or rather 
south, side of the lake to Columbia river. The lower of these, 
Knapps coulée, which leaves the lake at about three miles above 
its present outlet, has an elevation, at its summit. of about 300 
feet above the present level of the lake, with a sharp descent to 
Columbia river at its lower end. The other leaves the lake at a 
point about 10 miles above its present outlet, and is much 
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lower, its summit being only about 100 feet above the present 
lake level. 

Lake Chelan is not difficult of access. The traveler leaves 
the Great Northern railway at Wenatchee, on Columbia. river ; 
thence twice a week a little steamer stems the swift current of 
the Columbia for forty miles, to the mouth of Chelan river, and 
a stage covers the remaining three or four miles to the outlet of 
the lake, where is situated the little town of Lakeside. On the 
days when the steamer does not run on the Columbia the jour- 
ney from Wenatchee to Lakeside may be made by stage. The 
lake is traversed by a small steamer which, leaving Lakeside in 
the morning, reaches Stehekin, at the head of the lake, where 
there is a hotel, late in the afternoon, returning the next day. 
On the shores of the lower part of the lake there are numerous 
ranches, but within the mountain portion the only signs of 
habitation are a few landings, and above Stehekin there are no 
settlements, and travel in this region must be upon horseback, 
with pack train. 











TYPICAL VIEW FROM A BOAT ON LAKE CHELAN 








FREDERIC W. PUTNAM, 


President of the American Association for the Advancement of Science ; 


Fiftieth Anniversary Meeting, Boston, 1898 


The presidency of the American Association passed last month 
from a chemist to an anthropologist, and that of the British As- 
sociation from an anthropologist to a chemist, and there are no 
more illustrious rolls in the scientific annals of the world than 
those upon which the names of Gibbs and Putnam, Evans and 
Crookes are now inscribed. The election of Professor Frederic 
Ward Putnam as President of the American Association was an 
event of more than ordinary interest and satisfaction to Ameri- 
can scientists, Professor Putnam having not only established his 
claim to such recognition by forty years’ scientific work of the 
highest character, but also won the admiration and regard of 
scientific men everywhere by the signal ability, the marvelous 
tact, the untiring zeal, and the unfailing courtesy with which 
he has served the cause of science for the long period of twenty- 
five years as permanent Secretary of the American Association. 

Frederic Ward Putnam was born in Salem, Massachusetts, 
April 16,1859. His immediate ancestors were the Putnams, 
Fiskes, Wards, and Appletons, who came from England during 
the first half of the seventeenth century. Young Putnam re- 
ceived private instruction until 1856; and as he displayed un- 
usual aptness for the study of natural history his parents afforded 
him every facility for the pursuit of his favorite study. When 
he was but sixteen years of age he had compiled a “ Catalogue 
of the Birds of Essex County, Massachusetts,” and about the 
same time he was made curator of ornithology in the museum 
of the institute. 

At this time the attention of Louis Agassiz was drawn to the 
young man’s devotion to natural history, and through his in- 
fluence Putnam went to Cambridge, where he entered the Law- 
rence Scientific School, intending to devote himself to medicine. 
This intention was not carried out from the fact that he was 
soon made assistant in the Zodlogical Museum and afterward 
appointed curator of the Peabody Museum. His natural apti- 
tude for scientific pursuits, aided by the excellent methods im- 
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parted to him by his friend and master, Agassiz, prepared young 
Putnam in a most admirable manner for his life work in science, 
and from the day of his acceptance of the position in the Essex 
Institute he has always been in demand for places of honor and 
trust in scientific work. In 1859 he was made curator of ichthy- 
ology in the museum of the Boston Society of Natural History. 
In 1864 he became director of the museum of the Essex Insti- 
tute, and three years later was made superintendent of the East 
Indian Marine Society’s museum, and when the Peabody Acad- 
emy of Science was established he was made director of the 
academy. In 1873 he was elected permanent secretary of the 
American Association for the Advancement of Science. In 1874 
he was appointed member of the Kentucky geological survey 
for the special investigation of the caves of that state. In the 
summer of the same year he was for a time instructor in the 
school for natural history at Penikese, and in the fall, on the 
death of Professor Jeffries Wyman, he was called to the charge 
of the Peabody Museum. In January, 1875, he was formally 
appointed curator of the museum. The next summer found 
him again in charge of the department of fishes in the Museum 
of Comparative Zoédlogy, and for two years he divided his time 
between this institution and the Peabody Museum. 

In 1876 he was appointed by the government to report on the 
collections made by the survey west of the one hundredth me- 
ridian, which report was finished in 1879. In 1887 he was 
elected president of the Boston Society of Natural History, re- 
taining the office two years. In 1882 he was appointed state 
commissioner on inland fisheries by Governor Long, in which 
oftice he remained for seven years. In 1886 he was appointed 
to the new chair of American Archeology and Ethnology in 
Harvard University. Since 1890 he has been president of the 
Boston branch of the American Folk-Lore Society, and in 1891 
was president of the parent society. In 1891 he was made chief 
of the Department of Ethnology at the Chicago exposition, re- 
taining this office until the fair closed. In April, 1894, he was 
appointed curator of the Ethnological Department of the Amer- 
ican Museum of Natural History in New York, and his time is 
now divided between the institution and the Peabody Museum 


in Cambridge. 
Until 1876 Professor Putnam was an ardent worker and an 
authority in zodlogy, making for himself an enviable name by 
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his constant and conscientious work; but since that date his 
efforts have been in the department of ethnology. His interest 
in these studies was aroused as early as 1857, when during a 
visit to Montreal he dsicovered a shell-heap and on investiga- 
tion determined it to be the site of an ancient habitation. He 
was one of the first in this country to attribute these relics to 
man, and since that time he has personally explored shell-heaps, 
burial mounds, village sites, and caves in various parts of North 
America, and has directed extensive explorations in the United 
States and Mexico and in Central and South America. He has 
been the director of large bodies of assistants in ethnological 
and somatological investigations, the results of which are evi- 
denced in the collections in the Peabody Museum, the American 
Museum of Natural History in New York, and the Field Colum- 
bian Museum in Chicago. In connection with these researches 
he has published more than three hundred papers. He was the 
originator of the Naturalist’s Directory ; he was one of the found- 
ers of the American Naturalist and an editor of it till 1874. He 
has edited the reports and proceedings of at least a dozen socie- 
ties and institutions, and has contributed not a little to the more 
popular magazine literature of the day. J. H. 


MESA VERDE 


By F. H. NEWELL, 


Chief Hydrographe r, U. S. Geological Survey 


The Mesa Verde, situated in the extreme southwestern corner 
of Colorado, has been made known through the beautifully illus- 
trated book of Nordenskiold, entitled “ The Cliff Dwellers of the 
Mesa Verde.” Besides ethnologic interest, it has many attrac- 
tions for the geographer or geologist. It is a remnant of an an- 
cient plain which formerly stretched southerly and westerly from 
the country where now are situated the high La Plata mountains. 
During the course of geologic time the same force presumably 
which uplifted the La Platas tilted this plain and, erosion being 
facilitated, it was deeply trenched, until now the Mesa Verde 
stands as a great table-land slightly tilted toward the south, 
presenting to view from all sides sharp precipitous edges. On 
the north is the bold promontory known as Point Lookout, facing 
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toward the La Plata mountains; on the west is the broad Mon- 
tezuma valley, drained by tributaries of McElmo creek ; on the 
east is the valley of Mancos river, and on the south the narrow 
canyon through which Mancos river discharges on its way from 
the La Plata mountains to San Juan river. 

Standing on the southern edge of the Mesa Verde and looking 
across the deep canyons of the tributaries of the Mancos, it is 
seen that the same plain extended originally far to the south 
into New Mexico; but what appears to be a level surface is found 
upon traversing the country to be a land deeply dissected and 
almost impassable except along the flat-topped ridges or valley 
bottoms. 

The Mesa Verde derives its name from the fact that its top is 
densely covered with a growth of cedar and pifion trees, con- 
trasting with the arid and almost desolate lowlands. In viewing 
the mesa from a distance and in going around it the impression 
is derived that its surface must be a plain, but upon laboriously 
climbing to the top of it it is found that it is in reality more like 
a hollow shell. The whole interior has been dug out, not in one 
great valiey, but in almost innumerable small narrow canyons, 
which converge toward the south and enter the Mancos. The 
plan of the surface of the mesa would give the appearance of a 
number of fingers stretching up from the south and spreading 
out toward the northern end. In other words, the fingers of 
time have, as though drawn from north to south, dug out the 
long narrow valleys, leaving only thin parallel ridges rising al- 
most to the original height. Traveling along the top of these 
ridges is easy, as the surface is smooth. Numerous cattle trails 
wind in and out among the trees, and on horseback the ground 
can be covered as rapidly as the rider can dodge the stiff-pointed, 
dead, lower branches of the trees; but in attempting to go from 
side to side itis found to be almost impossible to make progress. 
Reaching the edge of a precipice, the explorer wanders up or 
down until by chance he finds a place where the rock has been 
broken down, and on reaching the bottom of the valley he must 
again search perhaps for miles for an opportunity to climb out. 

About the only sure and practicable way of visiting vari- 
ous parts of the mesa is to ascend near its upper edge, at 
Point Lookout, and then keep on this narrow rim, in this way 
passing around the head of the different finger-like gorges. 
There is here a trail traveled by pack animals. At places the 
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ridge is so narrow that the rider looks down almost vertically on 
one side into the Montezuma valley and on the other into the 
head of the small canyons that lead to Mancos river. A misstep 
would throw a pack animal far down either slope. 

The peculiar form of the mesa is due largely to the existence 
of a heavy bed of sandstone which forms the top-capping and 
protects the softer underlying rock. This weathers and cracks 
in almost vertical cliffs all around the outer edges. In the in- 
terior of the mesa, however, at the head of the numerous small 
canyons, erosion has proceeded in a peculiar manner, and one 
which was found by the aborigines to be highly favorable to 
their purposes. Along the edges near the top of the canyon cer- 
tain portions of the sandstone have weathered, leaving great 
shelves, protected above by the overhanging masses. These 
shelves can be reached often with great difficulty, as the cliffs 
below them may be 100 feet or more vertically, and access from 
the top is almost impossible. The roof of these openings gradu- 
ally slopes down to the floor, so that these great horizontal 
crevices or caves, as they are sometimes called, may extend back 
50 or 100 feet, and in length may stretch for several hundred 
feet. 

Around and on the mesa are found numerous fragments of 
pottery or of chipped stone, and here and there mounds of refuse, 
showing the location of ruined houses or towns. The innumer- 
able objects testify to the former presence of a large population. 
Ruins of stone towers on prominent points show that the arts of 
defense were an important feature of their life. It is, however, 
under the shelter of the great overhanging rocks that we find the 
ruins almost in perfection. Here, in the dry climate, protected 
from the occasional fierce storms, the dust of centuries has ac- 
cumulated, and even organic matter has hardly undergone any 
change. ‘The great stone houses and towers rise story upon story, 
and behind, in the piles of refuse thrown in the part of the cave 
where the roof approaches the floor, are the worn-out sandals, 
the broken pottery, and all the rubbish of a town. Here, evi- 
dently, were kept great flocks of turkeys, and in the rubbish 
sometimes graves were made, the bodies now being dried to the 
condition of tough leather, being perfectly preserved mummies. 
The clothing on the~e, such as the feather robes, has retained its 
texture and even in placesits color. No fragments of metal have 
been found, but all the implements are of bone, wood, or stone. 
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The buildings are constructed of carefuily squared rock, each of 
which must have been brought some considerable distance up 
steep ladders or along the narrow trails which lead to the towns. 
Water was had in some cases by small springs or seeps within 
the rock ; in others it was brought in earthen jars, carried, pre- 
sumably on the heads of the women, from the springs far down 
in the valley. The foot and hand holes cut in the rock still 
show the path by which the dwellings were reached, but in places 
these terminate on overhanging cliffs, where it is obvious that 
ladders must have been employed. 

These ruins have been an object of superstitious dread by the 
Utes and other Indians living in the neighborhood and have not 
been disturbed by them through centuries; but with the advent 
of the white men destruction has come, and many of the finest 
have been wantonly pulled to pieces or injured in the search for 
relics. In particular an estufa or council chamber situated 
below the surface of the ground and the only one remaining in 
perfect condition was partially pulled to pieces in order to take 
some of the logs of the roof to exhibit at the World’s Fair at 
Chicago. Various individuals have made a business of collect- 
ing the pottery from these ruins, rifling the graves and selling 
the material thus obtained to tourists or to collectors of curios- 
ities. Several museums have sent exploring parties into the 
vicinity and have obtained material for exhibition. Although 
these ruins are presumably the property of the National Gov- 
ernment, little, if anything, has been done to preserve them, and 
the National Museum possesses comparatively few objects from 
this locality. It isa matter of regret that these interesting ruins 
are not being preserved, as even from a commercial aspect they 
would have an ever-increasing value to that part of the State in 
attracting tourists from all over the world. In spite of the dif- 
ficulties of access, it is estimated that at present 75 parties a vear 
visit the more important of these cliff-houses. The trip is made 
from Mancos, a town on the Rio Grande Southern railway, a 
day being spent in reaching the ruins on horseback, another 
day or more in visiting the ruins, and the greater part of one 
day in returning to the railroad. It might be practicable to 
construct a wagon road, but no steps of this kind should be 
taken to facilitate travel until ample protection is provided to 
prevent the defacing and injury of the buildings by careless 


visitors. 
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THE GEOSPHERES * 


By W J McGer, 


Vice-President of the National Geographic Society 


Perhaps it is my first duty, as it is a privilege, to offer you a 
word of welcome on behalf of the Society which I have the 
honor to represent—one of the institutions of the National Cap- 
ital engaged in its own way in educational work. Speaking for 
that Society, Mr President and ladies and gentlemen of the 
National Educational Association, I bid you cordial welcome to 
Washington, and place at your disposal all the facilities which 


are ours. 


Before leading you away from the earth’s surface, which has 
been so admirably described by the last speaker, I wish to con- 
fess that I labor under a certain embarrassment. In the first 
place, lam attempting to speak for another man, and on his 
subject. ‘The subject was chosen by Major J. W.-Powell; first 
an educator like most of you; then a soldier who left an arm at 
Shiloh; next the explorer of Colorado canyon, the boldest piece 
of exploratory work in the history of our country; then a geol- 
ogist and long Director of the U.S. Geological Survey ; at the 
same time an ethnologist and founder of the Bureau of Ameri- 
can Ethnology; and from first to last a philosopher, one of the 
most vigorous thinkers America has produced. It is but natural 
that I should shrink from discussion of a subject developed by 
so original a thinker and selected by him for presentation be- 
fore you in his own inimitabie way. 

Again, I belong to the class of knowledge makers who most 
feel their own limitations in appearing before those who assim- 
ilate and apply knowledge, placing it within reach of the people 
and thereby performing the real work of raising humanity from 
plane to plane as time goes on. I apprehend that my ideas 
may seem vague and my expressions obscure, but I confidently 
appeal to your intelligence to aid in making the ideas clear and 
useful to the multitude of American youth for whom you stand 
Sponsors. 


*An address delivered before the National Educational Association, Washington, 


July 9, 1898. 
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First as to definitions—definitions rendered the more neces- 
sary for the reason that the essential ideas which I wish to ex- 
press have not yet found their way into the dictionaries. Since 
early in the history of knowledge, men have recognized the 
atmosphere—i. e., the body of air above the earth. At first the 
recognition was vague; it became more and more definite as 
time went on; and now educated men and women and children 
know the atmosphere as a gaseous envelope surrounding the 
solid earth, an envelope composed of a complex mixture of sub- 
stances. chiefly of oxygen and nitrogen. This atmosphere is 
one of the geospheres, the outermost of four. 

Since the beginning of knowledge, too, men have perceived 
the waters of the earth; and, as time has gone on, they have 
recognized more and more clearly the substantial unity of the 
standing waters of ocean and bay and lake, the running waters 
of springs and rivers, and the solid waters of Arctic and Antarctic 
snows and the glaciers of mountain and pole; and they are com- 
ing to extend the unity to include the aqueous vapor of the air, 
one of the constituent gases of the atmosphere. Water isa defi- 
nite mineral substance existing in three forms, as solid, liquid, 
and gas, though chiefly in the second form; it constitutes a 
hydrosphere—the second of the four geospheres—covering the 
greater part of the solid earth and covered by the greater part 
of the atmosphere. 

Human knowledge began with the recognition of the solid 
earth ; as time passed the knowledge became definite through 
the endless interactions between human mind and human en- 
vironment; and today most intelligent people recognize a ter- 
restrial sphere beginning with the soils and rocks beneath their 
feet, passing beneath river and lake and ocean to the antipodes, 
and extending from equator to pole in aspheroidal mass forming 
the visible solid part of our planet. Now it is only the superfi- 
cial portion of this spheroidal mass which lies within reach of 
observation ; this is the rocky crust of the earth, the object- 
matter of the science of geology ; it consists of a wide variety of 


mineral substances, mainly combined in rocks of a specific grav- 
ity averaging about 2.70. This earth-crust forms the lands of 
the earth and the basins of the oceans; all of the geographic and 
topographic features so well described by Dr Redway are built 
up or carved out of it; the continents, the islands, the valleys, 
the mountains of the world répresent this vast mass of rock- 
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matter, which it is convenient to call the lithosphere—the third 
of the four geospheres. 

While observation of terrestrial things ends with the atmos- 
phere and hydrosphere and lithosphere, definite thinkers find it 
necessary to form some idea of the constitution of the interior 
portions of the planetary mass at depths below the reach of di- 
rect vision. Now knowledge of the earth’s interior is gained 
not through geology but through the sister science, astronomy. 
You are aware that within recent years astronomers have re- 
duced to system our sun, the planets and asteroids which circle 
about it, the satellites which follow the planets. and the long- 
mysterious rings of Saturn—the various constituents of our solar 
system ; and the paths of the planets and satellites have been 
surveyed, while each of the bodies has been measured and 
weighed, so that their volumes and densities are known with 
considerable accuracy. Let me indicate the accuracy with which 
this astronomical work has been done by saying that sun, planet, 
and satellite have been weighed with an accuracy no less than 
that of the grocer in dealing out sugar and tea, and that the 
orbits of planets, satellites, and asteroids have been surveyed as 
accurately as the roadways and even the railways of the earth’s 
surface. The earth itself has been weighed, with somewhat less 
accuracy than the other planets, it is true, yet with sufficient 
accuracy to indicate that its mean density is nearly six times 
that of water (5.6 +), or more than twice that of the known 
lithosphere. Accordingly it is known beyond peradventure that 
the earth has an interior portion much denser than the known 
exterior; and this somewhat vaguely defined part of the earth 
may conveniently be called a centrosphere—the innermost of the 
four geospheres. 

In the light of these definitions, you will understand that my 
object in coming before you is not so much to say new things 
as to try to establish a new point of view. Knowledge pro- 
gresses in two ways which are interrelated yet fairly distinct ; 
the first is analysis and the second is synthesis; the sum of 
knowledge is increased by analysis, while its quality is improved 
by synthesis. 1 am now attempting, not to bring new facts be- 
fore you, but to put old facts together in a new way, and thus to 
carry you to a higher plane in the synthesis or generalization of 
a wide range of observations; and I am seeking to do this in 
such manner as to reflect the workings of another man’s mind— 


the mind of the real author of this address. 
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Let us now consider the relations between the geospheres. 

In the first place, the matter of the geospheres is unlike in 
state or physical condition. The atmosphere is almost wholly 
gaseous ; the hydrosphere is for the most part liquid, though in 
part solid and in small part gaseous; the lithosphere is almost 
wholly solid, though a minute part is gaseous (chiefly as im- 
purities in the air). while a small part may be liquid under 
temporary and local circumstances ; for the present the centro- 
sphere may be considered a transolid. Thus the four geo- 
spheres represent the three well-known states of matter, together 
with a fourth state which is not certainly known from direct 
observation. Itis the marvelously delicate interrelation between 
the three exterior geospheres that gives character to the earth 
as the theater of life and the home of humanity; for plant and 
beast and man are alike dependent on the lithosphere for the 
solid part of their bodily substance, on the hydrosphere for the 
greater part of their sustenance, and on the atmosphere for the 
breath of life. 

In the second place, the exterior geospheres at least are, de- 
spite the differences in physical condition, in some degree inter- 
mixed. The greater part of the atmosphere floats over the 
waters and lands of the earth as a thin mantle growing more 
and more tenuous outward; an early estimate of its thickness 
was forty-five miles, but the American physicist Woodward has 
recently shown that the outer portion is much less dense than 
at first supposed, and that the total thickness of the mantle ex- 
ceeds the radius of the solid earth. A small part of the atmos- 
phere is intermixed with the waters of the hydrosphere, especially 
the running waters of rivers and brooks; another part pushes 
down into the lithosphere, filling interstices in the rocks and 
playing an important role in the chemical and physical changes 
ever proceeding in the earth-crust. In like manner, while the 
greater part of the hydrosphere exists in the oceans, lakes, 
rivers, snow-fields and glaciers, a considerable volume rises far 
into the atmosphere in the form of aqueous vapor, and a much 
greater volume permeates the lithosphere as ground water or in 
still more intimate combination with the solid earth-substance. 
So, too, the material of the lithosphere is in small part dis- 
solved or suspended in the waters or afloat in the air; at the 
same time there is an obscure interrelation between the litho- 
sphere proper and the centrosphere, manifested in voleanic and 


other phenomena and perhaps in the presence of metals among 
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the rocks, for there are certain reasons (which cannot now be set 
forth) for regarding the centrosphere as an aggregation of metal- 
loid substances, much as the lithosphere is an aggregation of 
lithoid substances. The blending of the exterior geospheres is 
especially intimate where the three are in normal contact, 7. e., 
about the terrestrial surface on which men live and with which 
geographers deal ; and the soils, the plants which subsist on the 
soils, the animals which consume the plants, and the crowning 
human organism which dominates all the others are products 
of the commingling. 

Just as the geospheres are intermingled in material, so they 
are, in some measure, interrelated in normal movements. The 
atmosphere is an aerial ocean, ever astir with currents due pri- 
marily to the rotation and revolution of the sphere, 7. e., to move- 
ments depending on the density and volume of centrosphere 
and lithosphere ; the waters of the ocean are evaporated into the 
atmosphere, carried far in its currents as aqueous vapor. and 
then precipitated to flow back again as fresh water, while the 
body of the ocean is enlivened by currents set in motion by the 
ever moving atmosphere as well as by tides produced by rota- 
tion and revolution; the lithosphere is constantly destroyed and 
reconstructed by the moving waters of the hydrosphere, while 
the earth-crust is warped and continents are lifted and sea-bot- 
toms depressed by the obscure but potent movements of the 
centrosphere. So the normal movements of the geospheres are 
interrelated ; and most of them, from the rhythmic rise and fall 
of the earth-crust through which continents are lifted and sub- 
merged to the trade-winds and oceanic currents, may be traced 
to the motions of the centrosphere. 

Let us now consider for a moment how the conditions and 
motions of the exterior geospheres would be affected by cir- 
cumstances which, at first sight. might seem trivial ; for thereby 
we may see more clearly how delicate are the interrelations on 
which terrestrial lifeand human activity depend. Suppose the 
temperature of the earth were raised, say, 200° F., what would 
follow? Your common sense, born of experience, tells you 
that much or all of the hydrosphere would cease to exist as 
such and become a part of the atmosphere; that the atmos- 
phere would thereby be multiplied in volume and density, 
changed in substance, and modified in movements, yet that the 
lithosphere would remain substantially unchanged save that 
some of its substance would be dissolved in the densified atmos- 
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phere. Probably the centrosphere would not be greatly affected ; 
yet even so slight a change in circumstance a8 an increase of 
temperature by only 200° would remove the hydrosphere from 
the earth and greatly modify the atmosphere. 

Let us next consider the effect which would follow the reduc- 
tion of the temperature of the earth by, say, 400° F., something 
we should have been unable to do a generation ago, but which 
we can now do easily by reason of recent experiments and dis- 
coveries in physics. You will remember that about a score of 
years ago Cailletet of France and Pictet of Switzerland began 
to liquefy different gases by the application of pressure at low 
temperature; many of you know that this line of experimenta- 
tion was continued by the distinguished chemist and physicist 
of London, Dewar, who liquefied one gas after another until 
every gaseous substance known to man, including hydrogen, 
has been reduced to the liquid state; and I am sure many of 
you know that an American, Tripler, has recently improved on 
the work of our European cousins and has learned to liquefy 
air in large quantities, at low cost, by the skillful application of 
pressure and artificially reduced temperature. Tripler’s work, 
by the way, is worthy of more than passing note, for his ad- 
vance has given mankind a new hold on the powers of nature, 
with a promise of practical applications yielding benefits much 
greater than were promised by electrical control when inventors 
first began to utilize electricity for mechanical and other pur- 
poses; but this is a digression. Now, liquid air is a little lighter 
than water and boils or evaporates at about 312° below zero, F. 
So we know that if the temperature of our planet were to be 
reduced by 400° the atmosphere would cease to exist as such 
and would shrink to one eight-hundredth of its present bulk 
and be converted into a hydrosphere; we know, too, that long 
before the reduction was completed the hydrosphere would 
cease to exist as such and would become a part of the litho- 
sphere, for the waters of ocean and lake would be congealed 
(as we know from Tripler’s experiments) into a dry powdery 
mass of crystals, crumbling under blows or pressure just as 
granite and limestone and other rocks crumble at our present 
temperature; the waters would become rock added to the rock 
which now exists. By this transformation the volume of the 
lithosphere would be augmented by that of the present oceans, 
the present sea-level would become sea-bottom, and a lighter sea 
of liquid air (only a dozen or a score of yards in depth) would 
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wash the frozen globe, leaving continents and islands rising 
above its surface in a geographic configuration differing not 
greatly from that of the present. Over this globe no air would 
float, save possibly a light vapor scantier than the aqueous vapor 
now borne in our atmosphere; and no man or beast or plant, no 
trace of life could exist. 

Consideration of the profound modification in the exterior 
geospheres necessarily following changes in temperature which 
can only be considered as slight in comparison with the wide 
temperature range even of our solar system aids us in under- 
standing something of the conditions which attended the early 
stages in the development of our planet. The earth as a whole 
is apparently a cooling body, though the rate of cooling may 
be—indeed must be—almost infinitesimally slow. So the 
planet primeval must have been warmer, a greater part of its 
water must have been afloat as vapor in the atmosphere, which 
must have been heavy with vapors and the fumes of solids 
soluble in hot water. In like manner the changes necessarily 
produced in the geospheres by diminished temperature enable 
us to take a long look into the future and foresee the fate which 
awaits the aging planet—unless, indeed, this fate may be averted 
by aid of human ingenuity. There are many indications that 
the mechanism of the solar system, and, indeed, of the stellar 
system, is running down. We know that the water of the 
earth is going into new combinations from time to time as a 
constituent of the rocks of the lithosphere; we know that the 
water area of the globe is diminishing from age to age as the 
eons run, for the clastic deposits with which geologists are most 
concerned were laid down in water, while those now forming 
are largely if not mainly accumulated on land; there are deserts 
on every continent today, while the record of geology indicates 
that during the Carboniferous and earlier ages all the lands of 
the earth were fertile and humid. And just as the hydrosphere 
is going into the’lithosphere by chemic absorption as well as by 
interpenetration, so the commingled oxygen and nitrogen of the 
atmosphere are slowly seperating and combining with the sub- 
stances of the lithosphere, and probably also with the substance 
of the hydrosphere. ‘The changes yield a glimpse of planetary 
history; they suggest a time when the now deep-buried centro- 
sphere was enveloped only by heavy atmosphere, with no litho- 
sphere save possibly its own scums and slags, and no hydro- 
sphere save possibly viscid lakes of its own substance half 
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liquetied by relief from pressure like the lavas of later time; 
they raise visions of slowly segregating waters and accumulating 
rocks formed through interaction between the condensing at- 
mosphere and the cooling centrosphere; they indicate the 
differentiation of the geospheres in nice adjustment to tempera- 
ture and other conditions. The changes indeed give a threat of 
ultimate absorption of air and water into the rocks, leaving a 
dead planet of centrosphere and lithosphere only, swinging 
helpless through space like our frozen moon; yet there is a 
faint promise in a fifth geosphere produced through delicate 
interaction among the three exterior spheres of the earth, lying 
about the common boundary of the three, dependent on all, 
yet able (at least in some measure) to control their relations—a 
psychosphere, comprehending the scanty but potent and ever- 
growing mantle of thought which today envelops the world. 

Just a few words more, if you please, concerning the general 
relations among the geospheres: The atmosphere is a body of 
gas conditioned primarily by temperature; the hydrosphere is a 
volume of liquid conditioned by temperature and gravity; the 
lithosphere is a shell of rock conditioned by temperature, gravity, 
and a more complex chemice affinity than is found in the mix- 
ture air or the compound water; the centrosphere is a transolid 
and probably metalloid body, conditioned in ways that are not 
well known; the several geospheres combine to form a planet 
conditioned by temperature, gravity, chemic affinity, and per- 
haps other agencies, which extend to other planets and satel- 
lites and suns of the cosmos. So the features of the geospheres, 
i. €., the characteristics of our planet, are largely determined from 
within; yet it is not to be forgotten that each geosphere con- 
tributes to the making of the others, and thus to the molding of 
the planet and in some measure to the shaping of the cosmos. 
This has already been indicated incidentally. 





Let us now proceed to consider a few of the special relations 
among the geospheres which affect cosmic economy: We have 
good reason for supposing that the earth is a cooling body, that 
some of its primeval heat is constantly passing into space to 
affect (howsoever infinitesimally) other bodies; but do we know 
why the temperature of the earth is not lowered more rapidly— 
why the lowering is so slow as not to be detectable by the ob- 
servations of history? We know that if the earth were simply 
a ball swinging through interstellar space and cooling by the 
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radiation of its heat into space it would soon be refrigerated ; 
we know too that in this case the temperature of its surface 
would be determined solely by two factors, viz: (1) the temper- 
ature of the ball itself, and (2) the temperature of interstellar 
space. Now,on examining our planet as an actual thing and not 
as a figment of the imagination, we do not find that the tem- 
perature ofits surface is determined, or even perceptibly affected, 
by its own proper heat; we do find that the temperature of the 
external earth is determined by the heat received from the sun. 
It follows, of course, that the earth is not merely a cooling ball 
suspended in cold space. On examining more critically the 
conditions determining our temperature we find there are two, 
viz: (1) insolation or accession of solar heat, and (2) conserva- 
tion of a considerable part of this heat for a time by a terrestrial 
mechanism. This mechanism resides chiefly in interrelations 
among the exterior geospheres. The most important conserva- 
tive agency is the aqueous vapor of the air, which not only stores 
quantities of heat to be given off on condensation, but serves to 
check radiation from the earth into space. When thesun shines 
on the ocean, a film of water is evaporated to be borne high in 
the clouds and carried far over the mainland ; when it is con- 
densed a part of its heat is employed in raising the temperature 
of surrounding air, water, and rock; so that water, chiefly in 
the form of vapor, stores heat more effectively than any other 
substance with which we are acquainted. Still more efficient is 
aqueous vapor as a blanket checking evaporation ; dry air is 
diathermous, but vapor-laden air checks radiation from the 
earth as a garment checks radiation from the body. Since there 
is no part of the earth, even on the deserts and polar ice-fields, 
in which there is not an appreciable quantity of aqueous vapor 
in the air, this substance forms a clothing for the earth, deter- 
mining its temperature, rendering it habitable, and making it 
what it is today, the stage of human activity. 

There is another class of special relations between the geo- 
spheres which I should like to bring before you, partly as a new 
discovery. As before pointed out, the rocks of the earthecrust or 
lithosphere are permeated by water in the form known techni- 
eally as ground water or phreatic water. Now one of our most 


distinguished geologists, Professor Van Hise of the University 
of Wisconsin, has recently shown that this ground water plays 
an important role in changing the texture and structure of 
rocks, especially at depths where the pressure is great and the 
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temperature higher than at the surface. It is a well-known 
property of water to dissolve certain substances, and its efficiency 
in dissolving many rock-substances is greatly increased when 
the substances are subjected to pressure and heat; and, under 
these conditions, it also ionizes complex substances—i. e., sepa- 
rates them into their simple components or ions. Accordingly 
when moist rocks are subjected to strong pressure at high tem- 
perature, as is frequently the case deep in the earthcrust, the 
rock-matter is dissolved at the points and planes of greatest 
pressure and precipitated or redeposited at neighboring points 
and planes of less pressure; so that, for example, a crystalline 
cube of wet and hot rock-matter may be permanently distorted 
by long-continued pressure on opposite faces, the crystals grad- 
ually yielding to the stress in the direction of pressure and 
elongating themselves in the orthogonal directions. Through 
its property as a dissolving and ionizing agent, that portion of 
the hydrosphere which penetrates and suffuses the lithosphere 
has determined the texture and structure of most of our rocks ; 
it has transformed the muds and sands and slimes of original 
deposition into shales, sandstones, and limestones; in some 
instances it has reconverted or metamorphosed these rocks into 
schists, quartzites, and marbles; still more significantly it has 
aided in remetamorphosing deep-seated rocks into lavas and 
other crystallines. This extreme effect of water is peculiarly 
instructive in that it reveals something of the character of the 
centrosphere, whose dense materials are brought within reach 
of observation only by water as a solvent and sublimant in the 
form of lavas, vein-stones, and other rocks of hypogean origin. 
There is reason for regarding the atmosphere as a differentiating 
and dissipating factor, and the hydrosphere as a unifying and 
conserving factor, both interacting with the centrosphere in such 
manner as to develop the lithosphere and convert it into the 
terrestrial home of humanity; but this relation need not be 
pursued for the present. Yet it is worth while to note a curious 
relation between lithosphere and centrosphere which is appar- 
ently controlled by the waters both of the surface and the 
depths: The two inner geospheres are in unstable equilibrium ; 
‘this is shown by the occasional escape of the deep-seated ma- 
terials from the foundation of the lithosphere (if not from the 
centrosphere itself) in the form of extruded lavas and subli- 
mated vein-stones; it is shown also by the interminable heav- 
ing of the centrosphere manifested in continental oscillation 
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and, to some extent, in the uplifting of mountains; it is indi- 
cated further, in still more interesting though obscure fashion, 
by the apparent reduction of loose-textured solids to the denser 
transolid condition in provinces subject to loading through dep- 
osition of exceptional volumes of sediment—e. g., the Gulf of 
Mexico, the world’s most notable province of loading, whose 
configuration suggests a hypogean “slump” which may be im- 
itated experimentally by pouring a few drops of heavier and 
cooler liquid into a viscid liquid at the critical (or boiling) 
point; but this most interesting relation may also be passed 
over for the present with the simple suggestion—made by many 
phenomena —that the solid lithosphere and transolid centro- 
sphere appear to be interconvertible at a critical point of tem- 
perature and pressure, much as the atmosphere and hydrosphere 
may be considered interconvertible in state and in substance on 
passing a critical point conditioned by the same factors, and 
that the hypothesis of interconvertibility explains some of the 
most puzzling facts in geology. 


There are other interrelations between the geospheres, inter- 
relations innumerable; time will not permit me to mention a 
tithe or even a hundredth part of them; yet there is one more 
relation which appeals strongly to those geographers who, like 
myself, always see the lands and the waters from the human 
standpoint, and I beg your indulgence for the three minutes re- 
quired to set it forth briefly. My predecessor, Dr Redway, has 
admirably defined for you the natural provinces of America, and 
shown you that the features of the land, formed during the’ ages 
by the work of running waters, shape the character of our peo- 
ple. I trust he will permit me to add a word to his theme, as 
well as to that of the thinker for whom I am speaking: In what 
we call the western hemisphere the land and the waters are so 
related as to form a broad continent, the North American con- 
tinent, mainly in the North Temperate zone; during the ages 
the centrosphere has heaved and sunk according to its wont, 
and has interacted with the atmosphere and hydrosphere in 
such manner as to produce a lithosphere o¢ far-reaching forma- 
tions, crumpled here into mountains, stretching there in broad 
plains, modified evzrywhere at the surface into fertile soils, 
charged often at the depths with mineral treasures—the whole 
a rich patrimony wasted on unintelligent aborigines until men 
of thought and action came to claim it. Then, since the lands 














446 THE GEOSPHERES 


were broad and fertile, agriculture spread more rapidly than 
ever before, more rapidly than would be possible under other 
conditions; next the magnificent distances and rich produce 
compelled improved transportation facilities, and steam was 
harnessed more effectively than would be possible under other 
conditions. Meantime the broad problems presented by a broad 
land widened the views of men already inspired by political 
freedom, and America became a nation of inventors, a people of 
applied science; geography was studied more broadly than 
would be possible in a petty province ; it grew into a science of 
geology, inspired by the breadth of the formations and their 
wealth in resources, guided by intelligence broad as the land, 
and today the geologists of this country lead the world in their 
science. The sister sciences were invigorated by the associa- 
tion. I have said that the solar system has been weighed and 
measured with unparalleled accuracy during recent years, and 
may now add that the work was done by American genius, and 
that today the shipping of the civilized world is guided by nau- 
tical almanacs based on this American work. Another science, 
regenerated in America by reason of favorable conditions, is an- 
thropology. We have had better opportunities than the students 
of other countries for research concerning mankind; we have 
in Washington and in other cities representatives from every 
important country on the face of the earth, representatives of 
every living race, of every blood in human veins; then we have 
a wider range of culture constantly before us than any other 
nation, a range running from savage aborigines through bar- 
baric tribes up to the representatives of the kingdoms and em- 
pires from other countries, and finally to our own enlightened 
people, standing on the highest plane which mankind has ever 
attained—the plane on which social organization is based on 
intellectual freedom. We have every stage in human culture 
before us, and hence have been able to develop a broader and 
profounder science of anthropology than the world has seen 
before. Especially during the last half century our country has 
sprung forward in the race for intellectual attainment, surpass- 
ing all other nations ;.and our application of scientific princi- 
ples has kept pace with our development of knowledge. ‘Today 
if English promoters in Egypt want locomotives furnished on 
short notice, they send to America, knowing that, despite the 
doubling in distance, the order can be filled more quickly than 
at home; today if a bridge is to be built more rapidly than the 
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engineers of other countries can do it, American engineers are 
ulled to the task. Our progress in application has combined 
with our progress in knowledge to strengthen individual char- 
acter, to produce a free and forceful individuality greater than 
other countries know—an individuality splendidly expressed in 
the faces before me. This exalted individuality is displayed in 
more perfect codrdination of thought, in more complete union 
of hand and brain than the world has ever seen before; it is re- 
vealed in moral uprightness and strength of character, in per- 
sonal courage, even in that splendid marksmanship—the highest 
expression of codrdination between mind and muscle—which is 
America’s latest revelation to the world. ‘The individual char- 
acter of Americans gives national character to America; our 
patriotism, the spontaneous product of free minds, is broader 
and deeper than any sentiment brought out by royal edict; no 
other country could match the recent impulse which prompted 
the millionaire clubman of New York and the roving cowboy 
of Arizona to stand shoulder to shoulder in a war for hu- 
manity’s sake. It is the unequaled individuality of the free 
citizen, united and controlled by a dominant idea, that forms 
the basis of our indomitable social organization, a social organ- 
ization faintly expressed by that.codrdination in army and navy 
which overwhelms opposition. Complete as is our codrdination 
in military matters, it is much more perfect in civil life, in 
that unceasing conquest over nature toward which our deepest 
thoughts are bent; and our 70,000,000 individuals, each a tower 
of individual strength, are kept in touch by telegraph and tele- 
phone and press, united in thought and purpose, knit into the 
strongest social and political fabric the world has seen. It is 
this social fabric, the expression of thought and purpose, which 
I have in mind in referring to the psychosphere, most delicate 
yet noblest of the geospheres, which seems to be enveloping our 
planet and commencing the control of the rock-sphere, the 
water-sphere, and even the air-sphere for the good of humanity. 
And it is this conquest of the powers and resources of the ex- 
terior spheres, inspired by intellectual freedom and guided by 
liberal education like that which you dispense, that has placed 
America in the foremost rank among the nations of the earth. 














PROPOSED COLLECTION OF FORESTRY STATISTICS 


At a special meeting of the National Geographic Society, held 
in the Lecture Hall of the Boston Society of Natural History, 
Boston, Massachusetts, August 25, 1898, Vice-President W J 
McGee in the chair, the following resolutions were adopted : 

Whereas, through the increasing consumption of forest products, the 
destruction of forests, and the vast extension of means of transportation, 
questions hitherto of restricted bearing are rapidly assuming grave in- 
ternational importance ; and 

Whereas the National Forest Association of Germany has undertaken 
to collect throughout the world forest information and statistics of com- 
mercial importance: 

Resolved, That the National Geographic Society express its deep sense 
of the value to mankind of the work thus begun, and pledge its counte- 
nance and support to the investigation ; and 

Resolved, That a committee of three be appointed by the chair to com- 
municate these resolutions to the National Forest Association of Germany, 
and to take such other steps as may be necessary to carry them into 
effect. 

In conformity with the resolution, the chair appointed Mr 
Gifford Pinchot, of Washington, chairman, and Messrs William 
H. Brewer, of New Haven, and Arnold Hague, of Washington, 
as a committee to take requisite action on behalf of the National 


Geographic Society. 





MISCELLANEA 


It has recently been ascertained that the British consumption of sugar 
(1,566,000 tons per annum) is almost equal to that of France, Germany, 
Austria, Holland, and Belgium combined. 

The import trade of Canada during the fiscal vear 1897-1898, amounted 
to $140,505,950, an increase over the preceding year of $21,000,000. The 
exports had an aggregate value of $159,485,770, an increase of $25,482,000. 


A Danish expedition to explore the east coast of Greenland between 
the 66th and 70th degrees north latitude sailed from Copenhagen on Au- 
gust 16, under Lieut. Amdrup. The ship, the Godthaab, has a complete 
scientific equipment and is. provisioned for two years. 

The Duke of the Abruzzi (Prince Luigi of Savoy) has added to his 
achievements in mountaineering by a successful ascent of the Aiguille 
Sans Nom, an Alpine peak that has hitherto defied the efforts of the 
most intrepid and determined explorers... The daring feat was accom- 


plished on August 16. 
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CHESAPEAKE & OHIO RY. 
HE F. F. V. LIMITED is one of the finest trains hauled over any railway track in America. It runs 
solid between Cincinnati and New York, the route from Washington being over the Pennsylvania 
system. It has every modern convenience and appliance, and the dining-car service has no superior if 
it has an equal. The road-bed is literally hewed out of the eternal rocks; it is ballasted with stone 
from one end to the other; the greater portion is laid with one-hundred-pound steel rails, and although 
curves are numerous in the mountain section, the ride is as smooth as over a Western prairie. 
One of the most delightful rides in all the route is that through the New River valley. The 
mountains are just low enough to be clad with verdure to the very top, and in the early spring every 
variety of green known to the mixer of colors can be seen, while the tones in autumn take on all the 


range from brown to scarlet. 
These facts should be borne in mind by the traveler between the East and the West. 


H. W. FULLER, Gen/. Pass. Agent, Washington, D. C. 
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CALIFORNIA... 


OF course you expect to go there this winter. Let 
me whisper something in your ear. Be sure that 
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Northern Pacific-Shasta Route. 


Then you will see the grandest mountain scenery in 
the United States, including [1t. Hood and [It. Rainier, 
each more than 14,000 feet high, ft. St. Helens, 
Mt. Adams, and others. You will also be privileged 
to make side trips into the Kootenai Country, where 
such wonderful new gold discoveries have been made, 
and to Yellowstone Park, the wonderland not only of 





the United States, but of the World. Park season 
; begins June Ist each year. Close railroad connections 
‘ made in Union Station, Portland, for Puget Sound 
( cities and the east, via Northern Pacific. 

by CHAS. S. FEE, 

in General Passenger Agent, St. Paul, Minn. 
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SOUTHERN RAILWAY 


GREATEST SOUTHERN SYSTEM. 


Penetrates with its main line or branches eight States 
South of the Ohio and Mississippi Rivers, and in con- 
junction with its friendly allied connections reaches all 
the commercial centers of the South and Southwest.. . 


DOUBLE DAILY VESTIBULED LIMITED TRAINS 


-- - BETWEEN... 


Washington, Memphis and Nashville via Salisbury, Asheville, Knox- 
ville and Chattanooga. 

Washington and Tampa via Columbia, Savannah and Jacksonville. 

Washington and Memphis via Atlanta, Birmingham and K. C. M. & B. 

Washington and New Orleans via Atlanta, Montgomery and Mobile. 

Norfolk and Chattanooga via Salisbury, Asheville and Knoxville. 
Pullman Sleeping Cars—Dining Cars—Day Coaches. 
Additional Trains for local travelers. .... «+ .« 


The direct line to the FLORIDA, GULF COAST and TEXAS, 
Winter Resorts of | . »- MEXICO and CALIFORNIA, 
——AND THE BEST—— 
Through Car Line to and from Asheville and Hot Springs—‘ The Land of the Sky.’’ 














Write for Map Folders. 


A. S. THWEATT, Eastern Passenger Agent, 271 Broadway, New York, N. Y. 
J. C. HORTON, Passenger Agent, 201 EK. Baltimore Street, Baltimore, Md. 
L. S. BROWN, General Agent, 705 Fifteenth St. N. W., Washington, D. C. 
W. H. DOLL, Passenger Agent, Norfolk, Va. 

S. H. HARDWICK, Assistant General Passenger Agent, Atlanta, Ga. 

Cc. A. BENSCOTER, Assistant General Passenger Agent, Chattanooga, Tenn. 

W. H. TAYLOE, Assistant General Passenger Agent, Louisville, Ky. 

J. M. CULP, Traffic Manager. W. A. TURK, General Passenger Agent. 


The Mutual Life Insurance Co. 


OF NEW YORK, 
RICHARD A. McCURDY, President, 


Is the Largest Insurance Company in the World. 








The Records of the Insurance Department of the State of New 
York SHOW THAT The Mutual Life 


Has a Larger Premium Income - -_ =- ($39,000,000) 
More Insurance in Force - - - - -  ($918,000,000) 
A Greater Amount of Assets - - - - ($235,000,000) 
A Larger Annual Interest Income - -_ - ($9,000,000) 
Writes More New Business’~ - - - -  ($136,000,000) 


And Pays More to Policy-holders - - ($25,000,000 in 1896) 
THAN ANY OTHER COMPANY. 


It has paid to Policy-holders since 
its organization, in 1843, } - = $487,005,195.29 





ROBERT A. GRANNISS, Vice-President. 


WALTER R. GILLETTE, General Manager. FREDERIC CROMWELL, Treasurer. 
ISAAC F. LLOYD, Second Vice-President. EMORY McCLINTOCK, Actuary. 
WILLIAM J. EASTON, Secretary. 
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Ripans Tabules cure headache. 














The Fastest and Finest Train in the West patie 


CEB The Overland Limited 


TTT \, Serr 





UTAH and CALIFORNIA. 


FROM 16 TO 20 HOURS 
SAVED BY USING 


“THE OVERLAND ROUTE.” 


Double Drawing-Room Pullman Sleepers. 
Free Reclining Chair Cars. 

Pullman Dining Cars. 

Buffet Smoking and Library Cars, 








Send for Descriptive Pamphlet “ 49-96,'' E. L. LOMAX, 
Folders and other Advertising Matter. Genera! Passenger and Ticket Agent, 
(Mention this publication.) OMAHA, NEB. 
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THE CHICAGO, MILWAUKEE AND SY. PAUL RAILWAY 


- RONS .. 


Electric Lighted and Steam Heated Vestibuled Trains between Chicago, Mil- 
waukee, St. Paul and Minneapolis daily. 


Through Parlor Cars on day trains between Chicago, St. Paul and Minneapolis. 
Electric Lighted and Steam Heated Vestibuled Trains between Chicago and 
Omaha and Sioux City daily. 


Through Sleeping Cars, Free Reclining Chair Cars and Coaches between Chicago 
and Kansas City, Mo 


Only two hours from Chicago to Milwaukee. Seven fast trains each way, daily, 
with Parlor Car Service. 


Solid trains between Chicago and principal points in Northern Wisconsin and 
the Peninsula of Michigan. 


Through Trains with Palace Sleeping Cars, Free Reclining Chair Cars and Coaches 
between Chicago and poiuts in lowa, Minnesota, Southern and Central Dakota. 


The finest Dining Cars in the World. 
The best Sleeping Cars. Electric Reading Lamps in Berths. 


The best and latest type of private Compartment Cars, Free Reclining Chair 
Cars, and buffet Library Smoking Cars. 


Everything First-class. First-class People patronize First-class Lines. 
Ticket Agents everywhere sell tickets over the Chicago, Milwaukee and St. Paul Ry. 


GEO. H. HEAFFORD, 
General Passenger Agent, Chicago, III. 
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Where the LATEST PARIS NOVELTIES are or | on Exhibition. 
The attention of those who anticipate purchasing . 


\. BRIDAL TROUSSEAUX 


Is invited especially to extreme PARIS NOVELTIES in matched sets 
of French Hand-made Lingerie, including Gowns, Skirts, Chemises, 
Drawers, Corset Covers, &c. These can be furnished in any number 
of pieces desired. 


HAND-MADE BRIDAL TROUSSEAUX, personally 
selected in Paris and exclusive in 7 and 10 én SOF 
Three or more pieces ‘ 


eeu 


| POCOSe 
Oe 





design: 
CORRESPONDENCE SOLICITED. MAIL ORDERS RECEIVE PROMPT AND CAREFUL ATTENTION. 
TENTH, ELEVENTH, AND F STREETS N. W. . . . « WASHINGTON, D. ¢. 
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Superior on This Point as Well as on All Others. 
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scsi iain The Smith Premier Typewriter Co., 
PRINCIPLES EMPLOYED. SYRACUSE, N. Y., U.S. A. 


PRDEDEBEABRAREARARARARARAAAARAAARA ADS 





NANA AN AANA AANA AN AWA AN AN AN AN ARN RN AN NN NN ANY OAR 


DRVRERRARRBRARADRRDRRDRDRDRAMR 














Catalogues and Information at Washington Office, No. 519 Eleventh Street. 
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THE AMERICAN ANTHROPOLOGIST. 


The only American magazine devoted to the science of Anthropology in 
all its branches is THE AMERICAN ANTHROPOLOGIST, published at the 
National Capital. This journal is now in its eleventh year of increasing 
usefulness. 

No magazine ever published on the Western continent is such a 
storehouse of authentic information concerning ARCHEOLOGY, ETHNOL- 
oGY, FOLK-LORE, TECHNOLOGY, SocrioLoGy, HIsTorRy, SOMATOLOGY, 
PsyYCHOLOGY, PHILOSOPHY, and PHILOLOGY. Its contributions to our 
knowledge of these subjects, especially in so far as they relate to the 
American Indians, past and present, are of world-wide authority. Its 
contributors are America’s foremost scholars. 

Is your name cn the subscription list of the ANTHROPOLOGIST? If 
not, it should be. No one interested in anthropology in any of its branches 
can afford to be without it. Szdscribe today. A new volume begins with 
the January number. 


A bib'iography of the anthropologic literature of the world is one of its features, 











Handsomely Printed—Abundantly Illustrated. 
Published Monthly—Two Dollars a Year. 
Volume XI Begins with January, 1898. 
ADDRESS : THE AMERICAN ANTHROPOLOGIST, 
1804 Columbia Road, Washington, D. C. 





COMMENCED JANUARY, 1888. TWO VOLUMES PER YEAR. 





THE AMERICAN GEOLOGIST, 


1898. 





The Oldest Exclusively Geological Magazine Published in America 


TERMS. 
To Subscribers in the United States, Canada and Mexico............. ... $3.50 a year 


To other Subscribers in the Postal Union.......... ae one eae eee 4.00 a year 


The AMERICAN GEOLOGIST is issued monthly from the office of publication at Minne- 
apolis, Minnesota, United States of America. Twenty volumes are completed; the twenty- 
first began with the number for January, 1898. The magazine has received a cordial 
welcome and a generous support from leading geologists everywhere and it is now 
recognized as the exponent of the rapid geological progress that is taking place on 
the continent of North America, including Canada, the United States and Mexico. No- 
where else in the world are geologic phenomena exhibited on a more extensive scale 
and nowhere else are results attained of greater economic and scientific importance. 

The AMERICAN GEOLOGIST lays before its readers from month to month the latest 
In addition to the longer papers it gives synopses of recent 


results of geological work. 
geological publications and brief notes on current geological events. 
THE GEOLOGICAL PUBLISHING CO., 
MINNEAPOLIS, MINN, 
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NATIONAL GEOGRAPHIC MONOGRAPHS 


On the PHYSICAL FEATURES OF THE EARTH'S SURFACE, designed especially to supply to teachers and 
students of geography fresh and interesting material with which to supplement the regular text-book 


LIST OF MONOGRAPHS COMPRISING VOLUME I: 


GENERAL PHYSIOGRAPHIC PROCESSES - 
- - . - by. W. Powell 


GENERAL PHYSIOGRAPHIC FEATURES - 
PHYSIOGRAPHIC REGIONS OF THE UNITED STATES 
BEACHES AND TIDAL MARSHES OF THE ATLANTIC 
PRESENT AND EXTINCT LAKES OF NEVADA - - 
APPALACHIAN MOUNTAINS—NORTHERN SECTION 
APPALACHIAN MOUNTAINS—SOUTHERN SECTION 
MT. SHASTA—A TYPICAL EXTINCT VOLCANO 
THE NEW ENGLAND PLATEAU - - - 
NIAGARA FALLS AND ITS HISTORY - 


COAST Prot. N. S. Shaler 
- - Prof. I. C. Russell 
. . - Bailey Willis 
- C. Willard Hayes 
=) as ~ ee] aen tee 
. Prof. W. M. Davis 
- - G. K. Gilbert 


Price for one set of ten monographs, $1.50. Five sets to one address, $6:00. Single monographs, 20c. 


Remit with order to AMERICAN BOOK COMPANY, 


New York - Cincinnati - Chicago 





Ripans Tabules assist digestion. 





TERRESTRIAL MAGNETISM 


An International Quarterly Journal 
Edited by L. A. BAUER 
With the Co-operation of Eminent Magneticians 





ITH the March, 158, |. issue, chis Journal, devoted exclusively to Terrestrial Magnetism and allied 
subjects, such as Earth Currents, Auroras, Atmospheric Electricity, etc., entered on its third 
volume. ‘The hearty co-operation extended by the workers in this promising field of investigation, as 
abundantly shown by the numbers thus far issued, has made this Journal the international organ for 
The magnetic needle has become such a promising instrument 


making known the latest achievements. 

of research, not only in terrestrial, but in cosmical physics, that this Journal appeals to a large class of 

investigators. The geographer, the geologist, the astronomer, the meteorologist—all are interested in 

the development of the subject of terrestrial magnetism. It should therefore receive their support. 
Com- 


Among the contributors of the main articles in the past have been Messrs. Barus, Borgen, Chree, 
mander Davis, Eschenhagen, Hellmann, Littlehales, McAdie, Rticker, Schmidt, Schuster, and de Tillo. 


Future numbers will contain : 


‘¢ The Height of the Aurora,’’ 
By Pror. CLEVELAND ABBE. 


‘¢ The Investigation of Hidden Periodicities in Terrestrial Magnetism 


and Meteorology,’’ 
By Pror. ARTHUR SCHUSTER, F.R.S. 


‘‘ The Relation of Terrestrial Magnetism to Geology,”’ 
(As exhibited by recent investigations of various Authors.) 


‘‘ Descriptions of Magnetic Observatories,’’ 
(Illustrated) 
By THE DIRECTORS OF THE OBSERVATORIES. 

The size of the Journal is royal octavo, a volume embracing about 200 pages. Domestic subscription 
price: Two dollars; single numbers, fifty cents. Foreign subscription price: Nine shillings, nine 
marks, or eleven francs. Address : 

TERRESTRIAL MAGNETISN, 


The University of Cincinnati, Cincinnati, Ohie. 
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and the Pacific Coast. Thisis because ‘% 
most people want to some day see these 4 
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CHICAGO on ST. Louis Mi N N EAP OLIS 





For the most complete, authoritative, and 


attractive publication on the KLONDIKE, 


send for the April, 1898, number of THe 
NationaL GerocrapHic MaGazine, containing 


_ 


large official map and numerous illustrations. 





